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No. IV. 



Investigation of the Figure of the Earth, and of the Gravity 
in different Latitudes. By RobeH Adrain. — Read October 
7th, 1817. 

Having in the year 1808 discovered a general method of 
resolving several useful problems, by ascertaining the highest 
degree of probability where certainty cannot be found; I shall 
here apply that method to the determination of the earth's 
ellipticity, and of the gravity on its surface ; by means of the 
observed lengths of pendulums vibrating seconds in different 
latitudes. 

The lengths adopted in this investigation are those made 
use of by La Place in the third book of his incomparable 
work, the Mecanique Celeste : they are disposed in the fol- 
lowing table with the corresponding latitudes in French de- 
grees, the length of the pendulum: at Paris being denoted by 
unity. 



120 



INVESTIGATION OF THE 



TABLE 

Of the Observed Lengths of Pendulums vibrating Seconds in 

different Latitudes. 



LATITUDES. | 


T.F.NGTHS 


0° 


00' 


0.99669 


10 


61 


0.99689 


13 


§5 


0.99710 


go 


00 


0.99745 


30 


50 


0.99728 


37 


69 


0.99877 


48 


44 


0.99950 


53 


57 


0.99987 


54 


26 


1.00000 


56 


63 


1.00006 


57 


^2 


1.00018 


64 


72 


1.00074 


66 


60 


l.OOlol 


74 


S2 


1.00137 


'74 


53 


1.00148 



The first two of these measures were determined by Bou- 
guer, the one on the equator in Peru, the other at Portobello ; 
the third was determined by Gentil at Pondicherry ; the fourth 
was determined from that of London, by a comparison of the 
oscillations of an invariable pendulum, transported from Lon- 
don to Jamaica by Campbell ; the fifth was determined by 
Bouguer at Little Guave in the West Indies ; the sixth by La 
CaUle at the Cape of Good Hope ; the seventh by Durquier 
at Toulouse ; the eighth by Liesganig at Vienna in Austria ,• 
the ninth at Paris, by Bouguer ; the tenth at Gotha, by Zach; 
the eleventh was deduced from that of Paris by the difference 
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of the oscillations of an invariable pendulum transported from 
London to Paris ; the twelfth and fourteenth were deduced 
in the same manner from that of Paris by the observations 
of Mallet, at Petersburg and Ponoi ; the thirteenth was in 
like manner deduced from that of Paris, by Griscow, at 
Arensburg; finally, the fifteenth was determined according to 
the same process by the French Academicians who measured 
a degree of the meridian in Lapland. 

Now it has been demonstrated, on the principles of hydro- 
statics, by several eminent mathematicians, and particularly 
by Clairaut in his treatise on the figure of the earth, and by 
La Place in his Mecanique Celeste, that the augmentation of 
gravity in proceeding from the equator to the pole is as the 
square of the sine of the latitude ; supposing the centrifugal 
force arising from the rotation of the earth on its axis to be 
very small in comparison to the gravity, that the several el- 
liptical strata of the earth vary in density and ellipticity ac- 
cording to any function of the distance from the centre, and 
that the superficial parts of the earth are fluid, so as to obey 
the compound gravity, or the joint action of the attraction, 
and the centrifugal force. And, as the length of the simple 
pendulum vibrating in a second, or in any given time, is di- 
rectiy as the gravity, therefore the length of the pendulum 
follows the same law with the gravity, in passing from the 
equator to the pole, and the preceding table may be consi- 
dered as a table of the observed gravities in different lati- 
tudes. 

Let X be the unknown length of the pendulum vibrating 
seconds at the equator, y an unknown but fixed co-efficient, 
A any latitude, and r the length of the pendulum in latitude 
A ; then agreeably to the law of gravity just stated, we have 
the following equation, 

rz=x + y sin* ^, 
in which when x and y are found we shall have the value of 
r, or the measure of gravity, in every latitude. But it is cer- 
tain that whatever constant numbers we substitute for x and 
y, we cannot deduce such values for r as are exactly coinci- 
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dent with those given in the foregoing table according to ob- 
servation : though the discrepancies are not considerable, and 
may justly be ascribed to the inevitable errors of experiment, 
in conjunction perhaps with a small deviation, in the constitu- 
tion of the earth, from the conditions that have been specified 
as the basis of the forementioned physical investigations of 
Clairaut and La Place. 

Since therefore it is impossible to reconcile completely 
the physical theory with the observations; all that can be 
done is to determine such values for x and y as will cause 
the formula x+y sitf a to accord best with the numbers in the 
table. This is effected by a ride published by the writer of 
this article in the Analyst, in 1808 ; and which applied to the 
present research requires us to discover such values for x and 
y as will render the sum of the squares of the differences be- 
tween the several numbers of the table and the corresponding 
values of x+y sin* f^ the least possible. 

Now r, r', r", ^c. be the lengths of the pendulums, as given 
in the table, corresponding to the several latitudes \ a.', a''^ 
^c. then w411 the several differences between the function 

and the value r, r', r", ^c. be 

aj+y sin" A — r, x+y sin^A' — r', &e. 
and the squares of those cUfferences wiH be 

{x+y sin^ a — »")S {x+y sin" a' — r'f, &c. 

of which squares the sum is 

y..{x+y sin^;i)% 
where s is the characteristic of integrals to finite differences, 
so that the last expression denotes the sum of the squares of 
all the differences as far as the table extends which contains 
the values of a, a'^ ^c. and r, r', r", f^c. which in the present 
case is to 15 terms ; and therefore, according to the nde pre- 
scribed, we are to make 

l..{x+y sin^A — r*)'* = min. 
To obtain the minimum, we must, as usual, make the flux- 
ion of the expression = 0, which produces the equation 
2.^ li(x+y sia^A) x {x+y sin^A — r) } =0. 
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This equation may be written in the following manner, 

2. Sa?(a?+^sin*A — r) + x.S y sin* a (x+y sin* a — r); 

and since x and y are independent, the co-efficients of x and y 
must be separately = 0, therefore, 

2 {z+y sin^ a — r) = ; and 2 (a? sin* ^+y sin< '^ — r sin* a) = 0. 

Let n = i5 = the number of observations, and the last two 
equations manifestly become 

nx+y. 2 sin^ > — Sr = 
a?.2sin A.+^. 2 sin* A — 2rsin'' ^=0. 

The former of these shows us that the sum of all the er- 
rors is equal to nothing ; and the latter that when each error 
is multiplied by the square of the sine of the corresponding 
latitude, the sum of the products is equal to nothing. It 
remains to compute the values of the four series 2 r, 2 sinf a, 
2 sin* A, and s sin ^.r, and then x and y will be found by the 
usual rules for simple equations. 



TABLE I. 


Values of r, /•', &c. 


.99669 


.99689 


.99710 


.99745 


.99728 


.99877 


.99950 


.99987 


1.00000 


1.00006 


1.00018 


1.00074 


1.00101 


1.00137 


1.00148 


Sr=14.98839 



TABLE II. 

Log. sines of k, \', &c. 

— infinity. 
9.3198339 
9.3151957 
9.4899834 
9.5003431 
9.7466736 
9.8385777 
9.8735318 
9.8766839 
9.8903999 
9.8935333 
9.9395895 
9.9373677 
9.9633730 
9.9643734 



TABLE III. 

Loff (s II 2 x), &c- 

— infinity. 
8.4396458 
8.6303914 
8.9799648 
9.0006843 
9.4033453 
9.6771554 
9.7450436 
9.7533658 
9.7805998 
9.7870646 
9.8591790 
9.8745354 
9.9367460 
9.9385468 
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TABLE IV. 

Log. sin.4 \, &c. 

— infinity. 
6.8793916 
7.360782^ 
7.9599396 
8.0013684 
8.9866904 
9.3543108 
9.4900873 
9.5067316 
9.5611996 
*9.574139S 
9.7183580 
9.7*90708 
9.8534930 
9.8570936 



TABLE V. 

Log. r, )■', &c. 

- 1.9985601 

-1.9986473 

-1.9987387 

-1.99889H 

-1.9988171 

-1.9994655 

-1.9997838 

- 1.9999435 

0.0000000 

0.0000361 

0.0000783 

0.0003313 

0.0004384 

0.0005946 

0.0006433 



TABLE VI. 

Log. r cin 2 X. &c. 

— infinity. 

.4382930 

.6291-'J0i 

.9788559 

.9995013 

.4938107 

.6769383 

.7449871 

.7533658 

.7806359 

•7871438 

.8595003 

.8749738 

.9373406 

.93918i|i 



TABLE VII. 


TABT-E VIII. 


TABLE IX. 


Values of sin 2 \, &c. 


Values of sin. 4 \, &c. 


Valuesof r sin.2 x, &c 


.0000000 


.0000000 


.0000000 


.0375198 


.0007673 


.0374343 


.0436964 


.0018339 


.04^5736 


.0954915 


.0091186 


.0953480 


.1001577 


.0100316 


.0998853 


.3114191 


.0969818 


.3110361 


.4755053 


.3361053 


.4753675 


.6559601 


.3090916 


.6558878 


.5667164 


.3311675 


.5667164 


.6033934 


.3640833 


.6034386 


.6134415 


.3750846 


.6135518 


.7230678 


.5338370 


.7336038 


.7490934 


.5611395 


.7498490 


.8447846 


.7136610 


.8459430 


.8483948 


.7196040 


.8195504 


6.5565398 


4.3314750 


6.5589734 



FIGURE OF THE EARTH, ^C. 125 

Table 1. contains merely the lengths of the pendulums vi- 
brating seconds according to observation in fifteen different 
latitudes ; Table II. gives the logarithmic sines of those lati- 
tudes according to Callet's Tables of centesimal degrees 
Table III. is formed by doubling the numbers in Table II. 
Table IV. is formed by doubling the numbers of Table III. 
Table V. contains the common logarithms of the numbers in 
Table I. ; Table VI. is formed by adding the corresponding 
numbers in Tables III. and V. ; and Tables VII. VIII. and IX. 
are the natural numbers belonging to the logarithms in Tables 
III. IV. and VI. 

The values of 2 r, 2 sin* a, 2 sin* a, 2 r sitf a, are the sums 
of the numbers in Tables I. VII. VIII. and IX. and are set 
down at the bottom of those Tables ; we have therefore 
2r = 14. 98839; S8injx = 6.5565398; 

2 sin^ A= 4. S314750 ; S »• sia'' a = 6.55897S4. 
Our two equations 

nar+yl. sin' a — s.r = 0, 
072 sin^ ^ + y2 sin'' a — s.r sin* a = 0, 
will now become 

15a?+6.5565398 y — 14.98839 = 0, 
6.5565398 a? + 4.S314750 y — 6.558973^* = ; 
which, divided by the co-efficients of x, produce 
a? + .^3710365 y — .9992260 = 0, 
X + .64538334 y — 1.0003710 = ; 
whence by subtraction 

.30837969 y — .0011450 = 0, 
consequently y = .005497'il, 

and X = .96583307. 

Thus the expression for the length of the pendulum in the 
lat. A is 

.99683307 + .00549741 sin 'a. 
Or we may divide by the first term, and the length just 
stated win become 

.99683307(1 + .00551493 sin* a) ; 
and therefore, if the length of the pendulum vibrating seconds 
at the equator, be denoted by unity, the length of a pen- 
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dulum vibrating seconds in the latitude a. will be expressed 

by 

1 +.005515 sin' a: 

And thus the comparative gravity is known for every lati- 
tude. 

We may also express the gravity without the squares of 
sines as follows. Since, by trigonometry, sin^ ^ = ^ — ^ cos. 
Sa, therefore by substitution we have 

1 + .005515 sin^ A = 1.003757't65 — .003757465 cos. Sa ; 

and the latter number of this equation may be reduced to the 
form 

1.003757465.(1 — .00375 cos 3a). 
If therefore we denote the gravity at the equator by g, and 
the gravity in latitude a by y, we shall have the two following 
expressions for y ; 

y = g.{i + .005515 sin* a), 
y = gx 1.003757(1 — 00375 cos 2a). 
Or if the gravity in latitude 45° be denoted by G, we shall 
have the gravity y in latitude ^ expressed by 

y = <T (1 — 00375 COS. 3a). 

In fact, the whole investigation and computation were con- 
ducted by the method of double arcs, and the result was found 
precisely the same with that just exhibited : and though the 
calculation by double arcs is equally easy with the method 
given above, I shall not detain the reader with it, but proceed 
to compare the gravities expressed by the function 

.99683307 + .00549741 sitf \ 
with the gravities as given by the numbers in Table I. For 
this purpose we must add the logarithm of .00549741, which 
is 7.7401581 to each of the numbers in Table III. and the 
sums wiU be the logarithms of all the values of .00549741 
sin' A. These logarithms are set down in Table X. following. 
Table XI. contains the natural numbers belon^ng to the log- 
arithms in Table X.; and Table XII. shows the values of 
x + ysin'^, being formed by adding .9968331 to each of the 
numbers in Table XI. 
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TABLE X. 


TABLE XI. 


TABLE XII. 


TABLE XIII 




Values of 


Values of 




Log. of .00549, &c.sin2x. 


.00549741 sm2 x. 


x-\-ys\n2 X. 


Errors. 


— infinity. 


.0000000 


.99682 


— 13 


6.1798039 


.0001513 


.99697 


8 


6,3705493 


.0002347 


.99706 


+ 4 


6.7301229 


.0005249 


.99735 


+ 10 


6.7408^23 


.0015506 


.99737 


— 9 


7.2335033 


.0016120 


.99853 


+ 24 


7.4173135 


.0026640 


.99914 


+ 6 


7.4852017 


.0030563 


.999-8 


— 1 


7.4935239 


.0031155 


.99994 


+ 6 


7.5207579 


.0033171 


1.00014 


— 8 


7.5272227 


•0033668 


1.00019 


— 1 


7.5993371 


.0039750 


1.00080 


- 6 


7.6146935 


.0041181 


1.00094 


+ 7 


7.6669041 


.0046441 


1.00147 


— 10 


7.6687049 


.0046634 


1.00149 


— 1 



Table XIII. is formed by subtracting the numbers in Table 
XII. from those corresponding in Table L; and shows the error 
of each observation with its proper sign ; those errors marked 
with the sign plus indicate that the observed lengths of r, r', 
^c. are too great, and those with the sign minus the contrary. 
The greater error + 24 belongs to the observation made by 
La GaiUe at the Cape of Good Hope. 

The equation y=^ (l+.005515sin^A) is applicable only to 
places at the level of the sea. When the place of observation 
is elevated above the level of the sea, the gravity wiU be dif- 
ferent according to the altitude, and may be investigated as 
follows. 

Let R = the mean radius of the earth in feet, h = the height 
of the place of observation above the level of the sea in feet, 
and y' = the gravity at the height h: then, by the general law 
of gravitation,, we have 

{R + hf:R^::y:y, 
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whence y' =z'yx -pg — rr, = y X 



and by division / = y x (1 — p- &c.) in which we have retained 

only two terms as all that are necessary. The mean diameter of 
the earth taken as a sphere is very nearly 7930 English miles ; 
let us therefore assume ^= 3960 miles = 30908800 feet, and 

we have ^=.000000957, and therefore 

y = yx(,i — .ooooooo9J'7A) ; 

but y =^x (1 + .005515 sin' A), 

therefore, by the multiplication of the two equations, and di- 
vision by y, we hav e 

y' =g.(i+ .005515 sin' a ~ .0000000957^)? 
which equation shows the gravity y' in any latitude, and at 
^ny altitude, in terms of the altitude, and gravity at the equa- 
tor. If we place the standard of gravity in latitude 45° of the 
nonagesimal division, we shall have 

y' = 6?. (1 - .00375 cosSa — .0000000957^). 
Now put j9 = the length of the pendulum to seconds at 
the equator, P in latitude 45°, tt = that in latitude a, all at 
the level of the sea, and i" at the altitude h ; then we have 

ir' =p.Xi + .005515 sin \ — .0000000957&), 
and tt' = r.(i — .00375 cosS a— .0500000957A). 

In these equations p and P are constant quantities, and 
may be found from the observed value of t', that is, from the 
observed length of the pendulum vibrating seconds in any 
latitude a, and at any height h ; for when ir', a and h are given, 
we have by division 

p = Tf'. (1 — .005515 sin^ A + .0000000957^) 
P= ?r'.(i + .00375 C0S3 A + .0000000957//) : 
and thus we obtain an universal standard of measure p or P. 
If, however, the observation with the pendulum be made in 
one temperature, and its length be used as a measure in 
another temperature, it will be necessary to make another 
correction. 

Let tlie length t' be observed at the temperature t in de- 
grees of any thermometer, and let t" be the length of the 
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same pendulum when applied as a measure in the tempera- 
ture t' ; also let m = the measure of the change in the length 
unity of the pendulum for one degree of the thermometer, 
according to observation. Then wiU in(t' — t) be the aug- 
mentation of the length unity, for the augmentation f — t of 
temperature, and therefore 

which equation being multiplied by each of the two preceding 

equations exhibiting the value of t', we have 

^" =p.{i + .005515 sin" A — .0000000957/^ + W(^' — t)l 

and 7r"=p,^i — .00275 cos3 a — .0000000957/i + m(f — t)}. 
From these two equations we obtain by division 
p = 7r".li — .005515 sin' A + .0000000957/i — m(t' — t)}. 

andP=5r".^l + .00275 cosax 4- .0000000957^ — m(t' — t)]. 

It is easy to understand in what manner a universal stan- 
dard of measure may be obtained by help of the preceding 
calculations : for the length ^r' is given directly by experiment, 
and this length ^' becomes t" by the change of temperature 
t — f ; and having the length ^r" we derive p or P from it by 
the last two equations, which lengths p and P are invariable, 
and will therefore serve as universal standards of hnear mea- 
sure. 

If the pendulum be of iron and t, f , be taken from Fahren- 
heit's scale, we shall have the multiplier m = .0000064 near- 
ly, and in this case the two preceding equations became 

p = n".^l + .005515 sin ^a + .0000000957^ — 0000064(f — *)|^ 

P = ?r". > 1 + .OOS?.** cos2 A + .0000000957A — 0000064 (f —O}. 

From the equation y = g(i + .005515 sin»A), we may also 
deduce the figure of the earth by help of the following theo- 
rem, derived from the principles of hydrostatic equilibrium. 
If from 5 halves of the ratio of the centrifugal force at the 
equator to the attraction at the same place, we subtract the 
co-efficient of sin* a, the remainder wiU be the elhpticity of 
the earth, or the excess of the equatorial semidiameter above 
the semiaxis taken as unity. 

R 
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When the atti^action of the earth at the equator is denoted 

by unity, the centrifugal force at the same place is known to 

1 5 i 

be — , and therefore we have — x — — = .00865, 
289 3 289 

from which subtracting .005515 

we have the eUipticity = .003135, 

which is equal to — ; and therefore the greatest and least 

radii of the earth are in the ratio of 320 to 319. This ratio 
is very different from that belonging to a fluid spheroid of 
uniform density ; and can be accounted for on physical prin- 
ciples, only by admitting an increase of density, in proceed- 
ing from the surface of the earth to its centre. 

In the preceding investigation, I have used the same data 
with La Place, who solves this problem of the figure of the 
earth, and the variation of gravity, by a very different method 
in the third book of his Mecanique Celeste. His method is 
exceedingly ingenious, and is .built on principles which appear 
to me to be reasonable and satisfactory :* but notwithstanding 
all this, it is certain that his results are inconsistent with those 
assigned above. 

By my calculation y=g.{i + .005515 sin^ >), 

By La Place, </ = £.{!+ .00569 sitf ^). 

1 1 

The eUipticity by my nile is — — , and he finds -— . This 

difference in the results of the two calculations is not owing to 
any great discordancy in the principles of the two methods ; 
for they give results nearly coincident, when properly con- 
ducted ; but to two errors committed by La Place in the cal- 
culation of the problem. The first of these errors consists in 
assigning a wrong number for the square of the sine of the 
latitude of Gotha where one of the observations was made. 



* The principles adopted by La Place are the same with those given 
before by Boscovich in bis notes on the celebrated poem of Sfay, viz. 1. 
the sum of all the errors with their proper signs must be equal to nothing; 
2. and their sum with the same sign must be a minimum. 
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The latitude of Gotha as given by La Place is 56° 63'; and for 
the square of the sine of this latitude he has taken 0.5763'* 
instead of the correct number 0.60339. This error, had he 
not committed another, would have led him to the eUipticity 

; but by the omission of the divisor z, answering to x in 

the preceding investigation, he subtracts from the quantity 
,00865 a number doubly wrong, and finds the ellipticity to be 

, or, as he has it . As his results are thus rendered 

336' ' 335.78 

of no value, I shaD therefore exhibit an accurate calculation 
of the earth's ellipticity, and of the gravity at its surface, in 
different latitudes, according to this method of La Place. 

The data used by La Place being the same with those given 
in the beginning of this Essay, as well as in Tables L and IL 
need not be repeated: we commence therefore with the as- 
sumption of the formula z+y sitf 4, which, in the notation of 
La Place, expresses the length of the pendulum to seconds in 
latitude 4, according to the physical theory : and z, y, are the 
unknown but fixed quantities which are to be determined. 
Then, having previously calculated the numerical values of 
sin^ 4, that is, of the squares of the sines of all the latitudes, 
we are to subtract from the several numbers in Table I. the 
corresponding values of the formula z + y sin^ 4 ; and calling 
the remainders x^^\ x^^\ x^^\ ^c. we have the following 
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TABLE. 



0.29669 - » - 2^.0,00000 = xW 
0.99639 - z-y. 0,0^52 = a?(2) 
0.99710 -« -2^.0.04270 = 37(3) 

0.99745 -2:-y.0,095-t9 = a?^*) 
0.99738-«-^.0,100l6 = a7>^5) 
0.99877 - «-2^.0.31 142 = ari^fi) 
0.99950 -« -y.0,47551 =a?('') 
0.99987 -« -y.0,55596 = a?(8) 
1.00000 -» -J/.0,56672 = a^(9) 

1.00006 ~z- 2/.0,60339 = a?(^*^> 
1.00018-«-y.0,6l244 = ip(ii) 

1.00074-»-2^.0,72307 = a?'^*^> 
1.00101-»-y.O,74909 = a?(i3) 

1.00137 -« -3^.0,84+78 = ip(i4) 
1.00148-^5 -y.0,84829 = a?^^*> 



Now add together the ahsolute terms of all these equations, 
which terms are merely the numbers in Table I. and the sura 
is 14.98839 which divided by 15, the number of observations 
gives .99923. Again, adding together all the co-efficients of 
y in the same equations, the sum is 6.55654, which di- 
vided by 15, gives us the quotient = .43710 ; and therefore, 
according to the rule prescribed by La Place, the relation of 
z and y is determined by the equation 

.99923 — Z — 2/-0?43710 = 0. 

Now let this last equation be taken from each in the pre- 
ceding table, and we shall have the following 
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TABLE. 

— ,00354 + «/.0,43710 = a;(^) 

— ,00334 + 1/.0,40958 = Xi^) 

— ,00313 + t/.0,39440 = X(.3) 

— ,00178 + «/.0,3416l = a;(4) 

— ,00195 + «/.0,33694 = aK5) 

— ,00046 + t/.0,13568 = a?W 
+ ,00037 — «/.0,03841 = X^'^ 
+ ,00064 — y.O,l 1886 = iC^ 
+ ,00077 — 1/.0,13963 = a;(5> 
+ ,00083 — «/.0,l6639 = X^^^^ 
+ ,00095 — 2/.0,l7534 = a;(") 
+ ,00151 — 1/.0,38597 = ^(^2) 
+ ,00178 — ^/-OjSl 199 = a;(i3) 
+ ,00314 — ^.0,40768 = X^'^*^ 

+ ,00335 — y.o,4!i 119 = a;^^^^ 



The next operation consists in dividing the first term of 
each of these equations by the corresponding co-efficient of 
y ; and the several quotients being set down according to their 
magnitude, will form, the following 
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,0070294! 
,00594041 
,0058110 



,0057874 
,0057133 
,0057053 
,0054719 
,0054185 
,005400& 
,0053845 
,0053803 
,0052494 
,0053106 
,0049913 
,0036601 



Of this table the sum is ,0830537, 

And the half sum = ,0410368. 

But the sum of the first six numbers = ,0359867, 

And the sum of the first seven = ,0414586. 

Since therefore the 7th term in this table, viz. 0054719 is 
that which changes the aggregate from being less than the 
half sum to being greater, we are, according to the rule of La 
Place, to take this term .0054719 as the value of «/, there- 
fore 

«/=. 0054719. 

Again, since we found before that 

.99933 — Z — «/.0,43710 = 0, 
therefore by substituting the known value of y, we find 
z = .99684 ; and thus the formula expressing the length of 
the pendulum in latitude + is 

.99684 + .0054719 siiiH. 
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If we divide by the first term, we have the following ex- 
pression for the length of the pendulum, 

.99684 (1 + .00049 sin' 4): 
but if we denote the length at the equator by p, and that in 
latitude 4 by t, we shall have 

IT =p. (4 + .00549 sia='4, ). 

But ,r=p.{i + .005514 sinzA.), 
according to the former investigation, and therefore in this 
case the rules are nearly equivalent. We may also determine 
the ellipticity from the equation ^ =p.(i + .00549 sirf4 ), as 
was done in the former investigation. 

5 1 

Thus, fi'om — X = .00865 

' 2 389 

Subtract .00549, 

i 
and the remainder .00316 is the ellipticity = — — - : so 

316^ 

1 1 

that the two rules give — and — — for the ellipticities, and 

therefore approach very near to each other, in determining 
the figure of the earth. 



